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® Composite QAM-PSK transmission system. 

E.STS'S.Siri^f V? Wd m8in *** *** ^ 8 8ubdata ■H** a mutt,,9vel modulator produces a 
Z^r2^ m 9 ^I Ch T PriS8S 8 quadrature modulated component modulated o7*e 

first and the second I mam data signals and represented by a radius on a phase plane and a phase modufeted 
component modulated by the subdata signal are represented by a clockwise and a cour^^SSnte 
P T^' demodu,ator «**« out an Inverse operation to reproduce T^Smodu^ 

agnal Into first and second reproduced main data signal and a reproduced subdata signal 
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MULTILEVEL MODULATOR CAPABLE OF PRODUCING A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 



Background of the Invention: 

This invention relates to a multilevel modulator capable of producing a composite modulated signal in 
response to a main data signal and a subdata signal and to a multilevel demodulator for use as a 
counterpart of the multilevel modulator. 

A multilevel modulating system of the type described is exemplified in United States Patent No. 
4,498.050 issued February 5, B85. to Yasuharu Yoshida, the instant applicant and assigned to NEC 
Corporation. This system is a composite PSK-PSK modulating system which comprises a 2*-phase PSK 
modulated component carrying the main data signal and a 2-phase PSK modulated component carrying the 
subdata signal where k represents a positive integer, In the system, the main data signal has a first bit rate 
f, which is not less than a second bit rate f, of the subdata signal. As a result the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main data a'gnaL 

In the meanwhile, a multilevel quadrature amplitude modulating system has recently become the center 
ts of a digital transmission system, in the multilevel quadrature amplitude modulating system, a pair of 
quadrature-phase carrier signals are amplitude modulated by first and second input signals into a multilevel 
quadrature amplitude modulated signal. When each of the first and the second input signals is an n-bit 
binary signal where n is a positive integer which is not less than two. the multilevel quadrature amplitude 
modulated signal has 2 2n output signal pants on a phase plane which has an origin and real and imaginary 
2a axes orthogonally crossing at the origin. Such the multilevel quadrature amplitude modulator is exemplified 
in United States Patent Application Serial No. 779,217 filed September 23. 1985. by Junichi Uchibori etal for 
assignment to NEC Corporation. 

The multilevel quadrature amplitude modulator can effectively utilize a carrier level. Therefore, a large- 
capacity digital radio communication network ordinarily comprises the multilevel quadrature amplitude 
25 modulator. 
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By the way. the conventional composite modulating system is restricted to the PSK modulation. 
Namely, the conventional composite modulating system can not be applied to the multilevel quadrature 
amplitude modulating system. 

Summary of the Invention: 



It Is therefore an obiect of this invention to provide a multilevel modulator capable of producing a 
composite modulated signal comprising a quadrature amplitude modulated component and a phase 

as modulated component In response to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

It is another object of this invention to provide a multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above. 

A multilevel modulator to which this invention is applicable is for modulating first and second main data 

to signals and a subdata signal into a composite modulated signal. Each of the first and the second main data 
s I gnals Is represented by first through n-th bits where n is a positive integer which is not less than two The 
subdata signal is represented by one of first and second binary values at a time. The multilevel modulator 
comprises modulating means responsive to the first and the second main data signals and the subdata 
signal for modulating the first and the second main data signals and the subdata signal into the composite 

45 modulated signal comprising a quadrature amplitude modulated component and a phase modulated 
component. The quadrature amplitude modulated component is modulated by the first and the second main 
data signals and has 2»tou1put signal points on a phase plane. The phase modulated component is 
modulated by the subdata signal. 

A multilevel demodulator to which this invention is applicable is for demodulating a composite 

so modulated signal comprising a multilevel quadrature amplitude modulated component modulated by first 
and second main data signals and a phase modulated component modulated by a subdata signaL Each of 
the first and the second main data signals is represented by first through n-th bits and has a first bit rate f , 
The subdata signal is represented by one of first and second binary values at a time and has a second bit 
rate f, which is not greater than the first bit rate divided by a predetermined natural number m. The phase 
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^"f d .~ mP ° nen ^ I 33 8 phase diffBrenca of 2a radian when the subdata signal is represented by a 
predetermined one of the first and the second binary values where a is not greater than W2* The 

7~ I^?e£ f C ? m ? S8S d8tectin9 means for phaso d9tectin 9 "id. composite modulated signal to 
produce first and second phase detection signals.- According to thirlnvgritiolC the multilevel demodulator 

T, 6 l C °T SaS ^ produdn 9 means couP'ec to the detecting means for reproducing a reproduced 
Pnate^eSt^grSs 1 main data si9naJs in respons9 to * e fir * end *e second 

In the manner which will later be illustrated, the amplitude modulated component is represented on a 
w T^ZSi^S. " ° ri9in ' Ph3S9 m ° dUlated ^P 0 " 6 " 1 fe repres ented by a clockwise or 
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Brief Description of the Drawing: 

Rg. I is a block diagram of a multilevel modulator according to a first embodiment of this invention; 

h-, , -f T?* fT ° UtpUt si9naJ arrangement of a composite modulated signal produced by the 
multilevel modulator illustrated in Rg. I; y e 

inventS' 3 " " bl0t * dia9r3m ° f 3 mu,tileve, modula tor according to a second embodiment of this 

modu.2M.^edTRgT m * ' « * * •» — - 

muttilevltdemoduS SEZ&g? ^ ^ ' **** ™* P*« of the 

Rg. 6 Is a block diagram of a multilevel demodulator according to another aspect of this invention: 

demodStor £iSft £T * " *"* ^ 88 8 part * »e. 

Sf T G m *I ' " describin 9 operation of the subdata reproducing circuit illustrated in Rg. 7; 

Invention 3 ' * 8 mmiW ° l demodulator according to still another aspect of this 

demod^muUto^n^^T 1 " * ^ rePr0dUCin9 "* 33 3 p " t ° f «" """^ 

Rg. II is a vtew for use In describing operation of the subdata reproducing unit illustrated in Rg. 10- 
Rg. 12 Is a view for use In describing operation of the subdata reproducing unit illustrated in Rg. 10; 

d«J!L?£^^ ° f SUbd2ta rePr0dUdn9 ^ 0Per3b,e 3Sapart0f the - ,til -' 

demodSatoMIU^ate^ SjKa* ' ^ *" Unit ^ 88 8 ^ * "» 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Rg. 14. 

Description of the Preferred Embodiments: 

C om^^. 9 fi 0 .r!?' I* """S Ve ' m ° dU,at0r aCCOrdin9 10 a first embodiment of this invention is similar to a 
conventional four-by-four quadrature amplitude modulator except for a phase modulator 20. The multilevel 

H „ h r a T y . n b, S Wtler9 n repres e"ts a positive integer which is not less than So. Ordinary 
•Xr SeTua?to C r d " " Para " eL " * tmmA far ^ * descripti °" *- ■» P-^ 

*Jt^J!^£ S* *" ^ mai " d3ta S, ' 9nal MPI is of 8 chann e« p ^d is represented by first and 
second bits XI and X2. The second main data signal MQI is of another channel Q and is reoresented tav firS 
and second bits Yl and Y2. Each of the first and the second main data agnate £ and 

KITT*'^ teVe,S - E3Ch ° f ^ ^ ^ ^ ^ mai " data eignals MP^d MQ^ 
first bit rate f,. The subdata signal SUB is represented by a single bit namely, one of first and second 
binary values which may be binary values "I" and "0". The subdata signal SUB has Tsecond bit^! ? 
which is equal to Mn where m is a positive integer which is not smaller tiW two ' 
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The phase modulator 20 is supplied with a carrier oscillation signal SCI from a focal oscillator a and is 
supplied with the subdata signal SUB. The phase modulator 20 is for phase modulating the carrier 

SSl Z ,2 • , S?? ^ SUB " d produC8S 3 phase modulated si 9"al SC2. For example, 
s SnafS SL*? IS* P redetemjned <^ence relative to the carrier oscillation 

s signal SCI when toe subdata agnai SUB has the binary value '0". When toe subdata signal SUB has toe 

T^ToZ^Z^T^ 9 ^ 802 haS 8 - CflBd P^termined phase difference relative to 
™™ »h^? , I ™* RfSt and me second Predetermined phase differences should have a 

oT^LTsLt^^; ^ ^ 159 9reater " 22nradian - ,n * e exam P'« being illustrated. 
0.19 radian is selected as the common absolute value a 

10 dafe^MpT^dT^H Tl^ 3 ^ ^^nalog inverter 22 supplied with toe first main 
So STiiS^f ? ,^ nd dl9rtaHD - analo 9 cor^rter 23 supplied with the second main data signal MQL 
^TStSS^T'^ C ° nVertS *" fifSt mai " data ^ MP» to a first analog signal. The 
25^ !?£?35i , MnVertS *" main data ^"^ MQI to a second a,alcg signal. 

« Sfand *»™h ^ . anak) 3 ^nals has an amplitude level determined by a pertinent one o? toe 

211^ !T S,Bnab and MQL ™e first and toe second analog'signals are deDvered 

S5i? ^SJT^ 24 -Bd 25 to firet ampfituden^uiLs 26 and 

first and second modulating signals MPII and MQU. respectively. 

SOO^H^.^^ 9 ^ S ? 18 d6livered to m first ^P 1 ^ modulator 26 as a first carrier signal 
SmIkbE? f2S. a T ^ h f^f ifter 28 to the second amplitude modulator 27 as a second easier 
22 St^lSZZZ ^"tf 00 ^ ^ quadrature phase difference relative to toe second carrier 
SJ^VSTSS^ ^rdamplftude modulators 26 and 27 amplitude modulate toe first and toe 
s^d^ner signals SCIO and SC20 by toe first and the second modulating signals MPII and MQ1I. 

MpJ^v? 'S^JZZFVl!*** modu,atore 26 and 27 Produce first and second modulated signals 
*f 0,2 de, "* r * Q firet and the second modulated signals MPI2 and MQ12 to a multiplexer 29 
l P ^ t ^' n ^ AemS ^ and the second modulated signals MPI2 and MQS inTtoe 

S ™tde S^i Rto ^P-to ™*"«*" signal CM comprfT?,^ 

quadrature amplitude modulated component and the above-described phase modulated component The 

ZaTMpTS^lTr 19 ST C ° m ^ mBnt iS moduteted by toe first and the « £S 
Snf » win ^ te^LSS^ m0dU,ated ^ CM h3S S5xteen ~toot signal points on a phase 
dZLJL^ J^£^ ^ 9 ^P 08 ^ modulated signal CM is transmitted to a multilevel 

demodulator through a transmission medium. 

ortoo^iv 9 ™^ 2 ;? ST f d9fined by origin 0 and real and imaginary axes X and Y 
22S^S,2?1 , mS?" °" ^realandthe imaginary axes X and Y represent toe first and toe 
ST^ln^^"? MP if a i MQ ' 2 * * e res P ective ^te P and Q. The sixteen output signal 
JZS ^JT^L P OT Bii ' I and j are positive integers which are not greater toaTfour. The 
2T 9 2rl * « derived when the subdata signal SUB has toe binary value "o" and 
toe^W,^ phas ! "^'atod signal SC2 has toe first predetermined phase difference relative to 

whi^luTta^^ ™ J**,' " * e ° UtpUt 8j9nal ^ * and B « "as a phase difference 
rf to! o,Z? to JT, tt l C T. m0n 31)80,1,16 vaIue Adcfrtion al signal points Cij are depicted at midpoints 
T^f ^"If 5 and BIj 8,009 conC8n,ric drctes - ^ additional signal points CQ te^ 
SSS^^JSl 481 " ^ amPWUd8 ^ ±L and t3L are used as referee fevels on 
Sedteir! 8600 mai " ^ 8i9na,S MP ' 800 MQ ' in mum " el Modulator as will be 

to ftafT^* 9 ^ a , m ^ neve ' modu| ator according to a second embodiment of this invention is similar 
12^^ L 9 -i? 8 mmBWl modu,ator ' "^ar- does not comprise toe phase modulator To 
uSarS aTSoJ whl?" L ^ 108 mU,^,8V8, m0dulator ^rnpnses first and' second coning 
JTJL*£ i, n T^MP J? J ^PP" 60 wtn ^ first and toe second main data signals MPI and MQI and 
, 9 ^ RrSt ""^"S unit 30 comprises a first read-only memory 32 and a fiS 

meotrr^ ™^ f Uk8WiS8t 0,8 ^ ^ng unit 3. compnses a sLnd^nty 
^ a first digitaMo^natog converter 35. Each of toe first and toe second convertng 

SUB to «ii cZ2 * 8 ^ th8 SeC ° nd main data si 9 naIs MPI ^ MQI and the subdata" sigrS 
MpI ^qI. has^ "?? ^ 800 MQ21 - E3Ch ^ ^ first and toe second analog sign ate 

MpT^ mo?! JET? 8 teV81 ^ iS de tennined by toe first and toe second main date signals 

TJ^gn^^ **« SUa In 0,her words ' aach of toe first and toe secS 

analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of toe first and 
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the second main data signals MPI and MQI is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2I and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. _ 
s The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a- first- carrier 
signal SCll and. through the »/2-phase shifter 28. to the second amplitude modulator 27 as a second carrier 
signal SC2I. The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second earner signals SCll and SC2J by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23. respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Rg. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
is quadrature amplitude modulator. . 

In Rg. 3. the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Rg. I. Furthermore, it is unnecessary with the multilevel modulator of Rg. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
20 signals MPI and MQI and the subdata signal SUB. 

Referring to Rgs. 4 and S. a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Rgs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40. a subdata reproducing unit 4J. a processing unit 42. and a selecting unit 43. 
2S The phase detector 40 is suppOed with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
30 axes X and Y on the phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted in Rg. 2 at ±L and 
±3L The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
as levels of the first and the second analog signals DP and DQ. The first analog-to-digltal converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discnmination signal SDQ represented by first and second bits YIO and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for dlscrimlnatina one of 
40 quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5. the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 46I and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discnmination signal SDP and the second bit Y30 of the second subdaja discrimination signal SDQ. the 

<s Exclusive OR circuit 46I produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discnmination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Rg. 2). both of the first and the second logical output signals have binary value "I" whichever 

so quadrant the output signal point Aij may be. On the other hand, when the first and the second analoq 
signals DP and DQ have the amplitude levels of the output signal points Bij. both of the first and the second 
logical output signals have binary value "0". It will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f 

55 The subdata signal SUB has the second bit rate f, which is equal to ijm. In the first and the second logical 
output signals, same codes, m in number, may last in succession while one of the binary bits continues in 
the subdata signal SUB. This is because the first and the second main data signals are modulated by 
subdata signal SUB. But. a discrimination enor may occur in outputs of the first and the second analogHo- 
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digital converters 44 and 45. This is because the first and the second analog signals DP and DQ has a 
small level difference relative to the reference levels of the first and the second analog-to-digital converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result the reprodoced subdata signal SUB' has a reduced code 
error rate. 

In order to get rid of an influence of the code error of the first and the second logical output signals 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463. 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 
errors. The majority circuit 463 produces an output signal in which a result of the majority decision lasts m 
bits. The output signal of the majority circuit 463 Is the reproduced subdata signal SUB'. Thus the code 
error rate of the reproduced subdata signal SUB' Is improved. The code error rate depends on the positive 
integer m and the phase difference «. It is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large difference. The phase difference « is. however, restricted 
to nl^ radian in the manner described hereinbefore. 

Referring again to Rg. 4. the processing unit 42 will be described more in detail. The processing unit 
42 compnses first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-digital 
converters 51 to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 
described later. Likewise, the second shifter 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting ihe phase of the first analog signal DP. The third phase shifter 49 comprises a third attenuator 
491 and a second adder 492 and Is for shifting the phase of the second analog signal DQ with Ihe first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for sWfting the phase of the second analog signal Da 

In the first phase shifter 47. the first attenuator 471 attenuates the amplitude level of the second "analog 
signal DQ by an attenuation factor which win presently be described. The first attenuator 471 thereby 
delivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal, 
namely, a first phase shifted signal DP. a . to the first additional analog-to-digital converter 51 

* e ®* am P ,e ^"9 illustrated, the attenuation factor of the attenuator 471 is equal to tana. The first 
phase shifted signal DP* tt is therefore given by: 

Ap«cosff -Ao«sina»tana = K«cos<a + a ), 
where Apand Aq represent amplitude levels of the first and jthe second analog signals DP and DQ e 
represents the phase of the first and the second analog signals DP and DQ. and K represents a constant 
Thus, the first phase shifted signal DP* a has a leading phase of « radian relative to the first analog signal 

Likewise, the second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
a second phase shifted signal DP^ having a lagging phase of « radian relative to the first analog signal DP 
Thetth.rd phase shifter 49 supplies the third additional analog-to-digital converter 53 with a third phase 
shifted signal DQ» a having the leading phase of « radian relative to the second analog signal DQ. The 
fourth phase shrfter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shrfted signal DO* having the lagging phase of a radian relative to the second analog signal Da 

When the first and the second analog signals DP and DQ correspond to the output signal points Air 
(Rg. 2). a combination of the first and the third phase shifted signal DP. a and DQ* a represents each of the 
additional signal points Cij. The first and the third phase shifted signals DP.« and DQ«. a therefore have the 
four amplitude levels ±L and s3L When the first and the second analog signals DP and DQ correspond to 
the output signal points Bij (Rg. 2). the second and the fourth phase shrfted signals DP ^ and DOa each of 
which has the lagging phase of a radian have the four amplitude levels of *L and *31_ 

The first through the fourth additional analog-to-digital converters SI to 54 have first through seventh 
reference levels of 0. sL, *2L, and ±3L and carry out a multilevel discrimination on the first through the 
fourth phase shifted signals DP. 0l DP^. DQ. a . and DO*. The first additional analog-to-digital converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
torough third bits XII to X3I. The first processed digital signal PPI corresponds to the output signal points 
Aij. Likewise, the second additional analog-to-digital converter 52 produces a second processed digital 
signal PP2. The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits X12 to X32. The third additional, analog-to-digital converter 53 
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produces a third processed digital signal PQ|. The third processed digital signal PQI corresponds to the 
output signal points Aij and is represented by first through third bits Yll to Y3I. The fourth additional analog- 
to-d(g.tal converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y3£ 
5 Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and Is 
supplied with the first through the fourth processed digital signals PPI. PP2, PQI. and PQ2 and the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI, PP2. PQI, and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI. PP2. PQI, and PQ2 and the reproduced subdata signal 

ia SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision descnbed before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI, PP2, PQI and PQ2 
has a bit rate which is equal to that of the first and the second subdata discrimination signals SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 

is fourth processed digital signals PPI, PP2. PQI. and PQ2. 

Reference will again be had to Fig. 4. When the reproduced subdata signal SUB' has the binary value 
"I", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
A.j. the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signals PPI and PQI as first and second output signals OPI and OQI 

so When the reproduced subdata signal SUB' has the binary value "0". namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij, the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI. 

The first output signal OPI is represented by first through third bits XI'. X2'. and X3. The second output 

25 signals OQI is represented by first through third bits Yl'. Y2\ and Y3. A combination of the first and the 
second brts XI' and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 

30 DQ, respectively. 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XI' and Yl' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56 

as The voltage controlled oscillator 56 produces a local oscillation signal which Is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Refernng to Rg. 6. a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Figs. I and 3 A subdata 

40 reproducing unit 57 is used instead of the subdata reproducing circuit 41 described in conjunction with Rg. 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Rg 4 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58. a low-pass filter 59. and 
an analog-tawJigital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied witluthe first and the second analog 

« s.gnals DP and DQ from the phase detector 40. the subdata reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal. 

^ J^TX 0 R9 u' ? * * e ,* ubdata reproducing circuit 58 comprises first through fourth phase shifters S8la 
to S8ld. first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c. first 
through third analog switches 584a to 584c. and an adder 585. The subdata reproducing circuit 58 further 
» composes a discrimination circuit 586. an Exclusive-OR circuit 587, a selector 588. and an amplitude 

T^>T rf'i U 0 «, a u re r dUCin9 ° ircuit 58 is descnbed in Ja P anese Published Examined Patent 
Application No 698/83 by the present applicant Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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mod^^^^'J 0 (R9 - ^ 13 ^PP 1 ^ *» conventional muttitevel quadrature amplitude 

p^aTTet^r 4oTLS^ UC l "L ^ """^ *"«"** «" *e example being illustrated, the 
s S™^hlT h ^^ P ^ W ? * 8 C ° mp0Site rnodulated ^ comprising me phase modulated 
2r^T^Sf.p^^L PhaSe differences * *» in accordance with the binary values of fte 

XTdhT^ 

^f^'^f mbinat ? ° f thQ firet and *» second fan wave rectifiers S82a and 582b and the first 
^ ^ J a Cina uu - nesponsive to the first and the second analoa sfanaJs np p n n no a 

S dk.R^IS^*^! ^ SUWraCter 58315 ^ to I* 0 ** a second processed analog 
S/'*,?!? 6 S8C ° nd 31,3103 «* n * DP and DO. a combination of the third aS 

tk= , . SGfVes to P"^" 08 3 tord processed analog signal DM. ' 

dlJJl^cff (K|?S1 B, . ^ ^ throU9h f0Urth *«» in Fig. 8. The 

ftetZ^Z JZ* decnminating positions of the output signal points Aij or Bii and produces 

» ^aSrStl!!^ ^ 5800011 discriminat ^ Signals Gl and G2. The first analog^itch 
^thf^!l 803,09 SiQnai Wto P 388 tnrou 9" 0" reception of a negation signal « of 

the fcird discnmtnafaon s,gnal 63. The second and the third analog switches 584blnd 584c al.™ th« 

processed analog signal DK is suppGed to the adder sas whan «v» #?r*f «w • , . OWJIIU 

and DQ correspond to the output Snal pdnte Hi T^lST Si9n3lS ° P 
to the adder 585 when the firaW Z , ^ , ™ 8 lh " d P"** 5 *** analog signal DM is supplied 
pointe «3 Vbbc! 3n3to9 5190315 PP ^ DQ «*respond to the output signal 

the ^S^nT^a^B?^ 2^ T ***** ^ h 8CC0rd3nC * P^«ons of 

ss S^JcTiS^s^S H teV6,S ? defin6d by « A,2Bt2 « - AI4BW -V 2- T^e 
JateatTarTm ^ 035 30 » nsten « an ^ ^ve. which varies among theftree different 

fi tJ'^IS^ST^ * e ^ different tevels of * e produced analog subdata signal DH the low-oass 

error rate of each of the first and the second reproduced main data signals is suoerior to i^J* 
r^etrro^ofr ^'IT*-* 6 dB " But ' •» POS^e^•meg S er F rrs ^u^toti 
S SoveTenfof iT^ Prt f UCed ^ SUB ' is ^ approximately 9 dB becauS of 

M 2LT2r^ *J? ^ emi31 00,86 by <^ the low-pass filter 59 (Fig. 6). Rnaflv. the ccKteTrror 

* si^sxras sub - - ^ by 3 dB - ~ * - ™ 

as a^unTroa^ 2tJ^ mU ' til ^ , demodu,ator ««wfflfia to still another aspect of this invention is for use 
r ° ^ mUltiteVe ' modu,ators i,lu *rated with reference to Rgs. I and 3. 

. aJi^T^sss zsrszrz -s* a phase ^ 62 - 3 

whi^h w?rr u ^ .r^T^ reproauang unit 64, and a main data reproducing unit 65. In the manner 
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Supplied with the composrte modulated signal CM', the intermediate-frequency amplifier 61 amplifies 
ttw composrte modulated signal CM' and delivers an amplified signal to the phase detector 62. The phase 
detector 62 cames out phase detection of the amplitude signal with reference to a pair of quadrature-phase 
local earner signals supplied through a voltage controlled oscillator 66. The phase detector 62 delivers first 
and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63 

■ JTS' 1 ' 9 Untt 63 com P rises first ^ second baseband amplifiers 67 and 68 and first and second 
analog-tc-digrfal converters 69 and 70. Supplied with the first and the second analog signals DPI and DQI. 

Jdpi rS? „ , aS8b f d amp,ifiers A 7 ^d 68 are for amplifying the first and the second analog 
. SUES 12 in t and S8C0nd ampBfied S,gna,S to first 30(1 1,19 second analog-to^igiS 

r?Znr.r«., n If" 5* firSt and *» second analog-to-digrtal converters 69 and 70 has seven 
1^™™? °* • , L and Canies out a mu,Blevel discrimination of a relevant one of the first 

SS? If'^ 8 : 1716 firet and 106 second analog-tc-digital converters 69 and 70 produce 
fin* and second converted d,grtal signals DPI. and DQH. each of which is given in bit parallel, as first and 

bTan eignrti^naT ' * ** ^ *° ^ S ' 9na,S DP " ** 0011 ma * 

dJ?^,^ 10 F T •' a "' "* ,2, ** subdata re P roduci "9 ""it 64 will be hereinunder described in 
2?' fl ™ 8 ' U f 5 da ^ ePTOdUC,n9 ^ 64 C ° mpriseS 3 ,0g,C CifCUit ™< first «» second multipliers 642 and 
^'^r^Jl 3 !! • a ,, ma,0rity drCUit W5 - R8S P° nsive to first and second upper bits of the first and 
2hJSTJ r ^ ? S, °" a,S DP " and DQ "' tne l °9 ic dreuit 641 discriminates positions of the 
addrtional signal points C.j corresponding to the first and the second converted digital signals DPII and DQH 

Sa FH STra 2! ^ ^ FP ' 3nd FQL Sh ° Wn «" R9 - *° -d the seoonTfaS 
2SJTl£?£ 1 ^! Va,U9S ° f unity and ^ ,n accordance with the position of the additional 
S&to Sr !T5; i th l nUmber °' P° sWv9 int99er I" A* sho ™ HO. 12, the first and the 
rlJ? ? • ^J"? FQI ^ posiove or ne 9 a *» ^S" in accordance with the positions of the 
addrtional signal points C«. in other words, the number of the positive integer i. . 

nrJ^L^^^ fS^ P 0 '"* Qi are present ln ** or third quadrant of the phase plane, the 
S thS IS Z 10 Ut T "J*' 96 - 11,9 P 0- *" ,nt9 " r ' ,s ad"al to one of unity threugh four. In this 
IZ^SSZ^T S8C0ndmU ' tiplierS 842 ^ 643 convert the first and the second converted digital 
^^SL^T^? to *■ 0UtpUt '"''J" 3 ' P 0 " 1 * to fir * and second multiplication signals 
se^,d multiolS SSrS ? coneaPond to the output signal point All (Fig. 2). The first and the 
second mu tipl.ers 642 and 643 also convert the first and the second converted digital signals DPII and DQH 

• respectively, which correspond to the output signal point BII (Fig. 2). 
When the additional signal points Cij are present In the second or the fourth quadrant of the phase 
E 9 '*' mte °« ' 'a adual to two or four while the positive integer j is^quaTto one of uZ 

through four. In this event the first and the second multipliers 642 and 643 convert thirst and the second 
converted digital signals DPII and DQH corresponding to the output signal polite aJ iTteSTiSS 

m£ nr!, ^ m ? Pli8rS 642 and 643 also convert the first and the second converted d®tal 
signals DMSI and DMS2. respectively. wh.ch correspond to the output signal point B3I. 
m.Mn££» W ?n,S !? *• SeC °" d muW P |,caB ° n signals, the subtracter 644 subtracts the second 
m S2 JT firSl mu,ti P ,icat,on si9nal DMSI and produces a subtraction result signal 
FuZL^i \ S j5l raCt,0n reSU ' t Si9 " al represents a level of me produced subdata signal SUB'. 
SST^EETIT* Si9na !. haS 1,18 m0St Si9nifiCant bit re P res8ntati - - a Positive s'ign by the 
toMrtrtT^i^JT^JT*?™^ di9ita ' Si9na,S DP " « l DQ » ^P 0 "' 1 to output 
a ^SSTiS ? !T . hand ' 108 SUbtraCti0n resu,t si 9"al has the most significant bit representative of 
a negative sign by the binary "0" when the first and the second converted digital signals DPII and DQ°i 

StTcirSit eS c^,7 natin ? T ° f *" ^ S ' 9nifiCant blt ° f m9 SUOtracfio " 3^nai. The 
bv ^Sl«,TL k- «-° Ut ! maj ° nty d8CiS,0n 00 most si9nific ant bit of the subtraction result signal 
tr^Tl ?1 ^ • ""I ° ° f th9 m0St Si9nfflcant bits ' m in num °ar. The majority circuit 645 

33 s UB T a of * e majority dedsion ,asts m bits - ^ is ^ 9 

oomSlS^J 0 - w 9 ;'^ SUbdata reproducin9 unit M ' is similar to that illustrated in Fig. 10 except that a 
L d ' 9rta, - to - ana, °? conV6rter 646. a low-pass filter 647. and an analog-to^ijital converter 648 

from ^ T 2£J?bT2 h?! 2" (Fi9 - ,0, • SuPP,i9d ^ 1,19 8ubtracti0 " r9suft si9na i " bit parS 
from the subtracter 644. the d.grtaJ-to-analog converter 646 converts the subtraction result signal to an 
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f 3 ^-^ P 9 . 09 s5snalhasa bandwidth restricted by the low-pass filter 647 which has the same 
tendw'dtti as ttelow-pass fitter 59 described in conjunction with Rg. 6. The low-pass fitter 647 delivers a 
filtered signal to the analog-to-digital converter 64a The filtered signal is converted by the analog-KKfiqital 
converter 648 to the reproduced subdata signal SUB' of a single bit 

Referring to Figs. 14 and 15. the main data reproducing unit 65 comprises a logic circuit 651. a delay 
circuit 652. first and second multipliers 653 and 654. and first and second adders 655 and 656. The logic 
arcurt 651 produces first and second factor data FP2 and FQ2 in response to the reproduced subdata signal 
™L u 2rT n J/L *T * 8 reprDduced s{ 9 naJ SUB ' corresponds to the output signal 

£Z ^ T M 651 Produces * e firet factor of -tana and the second factor 

I I b^" Jl "J 1 *"* When re P roduced subdaf = signal SUB' corresponds to the output 

2? 2 ?' ^° d,CUit 651 produC8S *e fin* facte* datom TO of tana and the second 
TECtor datum rQ2 of -tana. 

with Ra ^A^SlSn^^cT 6 ?' ay time durafion 85 de,ay 431 describ ed conjunction 
aSeS « SiST^ t!" ^ and ^ S6C0nd mu,tipliere 653 and 654 and the first and the second 
adders 655 and 656 is a digital calculator and carries out the following digital calculation: 



f 0911 ] F 1 jTDPJLTJ 
LOQIlJ [+tar.e< 1 J [dQLiJ 




cosct TsizuCj pPUl 
+siac( cosocj (.DQllj 



°™ and ° QD . add * on of the first and the second adders 655 and 656. respectively. In the 
Sst™? 8 minU8 8591,3 be called a sign pair. When the reproduced Lbdato 
2?12!f ^TIZT *° ° Utput asnal P"'* W ^9- 2>. » upper sign of the sign pair is used. When 
Xn pK U u2d 8,9nal SUB ' P-* «j (Rg. J avowee sign Ttne 

nni^iSf* 12?- , 2,eaCh0fthe ""P* "'Anal point Aij or Bi] may be considered as a vector (DPII. 

J?2 ^, feCt0r ^ **** 18 8 cc^ant <he above digital calculation rotates the output stanal 
pant Aij by a rad,an around the origin 0 counterclockwise and rotates the output signal point KjbTaraalan 

ZTZZ 9 * ° d f W S-J heref0re ' *™ firet md adcMonre^ts OPII ito oS 2£52 

to toe addition^ signal pornte Cij (Rg. 2) no matter whichever of the output signal points Aij and Bi TtoefiS 

J* S ri C ° nVert9d **** 3490313 DP » ^c DQII may corresporS to Name* each 5 toe fS 
toe second addfoon results OPII and OOJI is a signal wherein each of the first and the sac^conTeSd 

JK fe d8riVed * 1,19 Phase modulated modulatedT^SaS 

OPI| R re^ s 7nSt v fi^i 9 ' J? ** ^ 855 "* 656 ^ addition result 

OPH represented by first through third bits XT. X2'. and X3 and the second addition result OQU reDresented 
by first through third bits YT. Y2'. and Y3. respectively. represented 

mJUT ^ a „ b f X3 ? d reprBS8nt a P" 356 deviation °f *• flrst and. the second amplified signals. 
r^'vSdtto^ ^ 9nab ^ ** thS ~ - -aiog-to-digita. converters 69 and tH5 
Z?r!^c^!, k T * e S8C0nd ^band amplifiers 67 and 68 through a low-pass filter 7L The 
££2L£ »TS J^f? r Pfifiere 67 and 68 control a d.c. output level thereof in response to 
I d^ lw Z1^ V ? 6 ^"P 333 fi,ter * ^ 3 "** it is possible to compensated a drift of 
dl^J ^J^L *?, firSt and ««* ampfified signals. Such a drift compensation of the 

SSSiTJSS NE^r^. Patent 4 ' m05 ° to »—» *— ■ *• 

^•nVS'S^n^ I 2 'l for con,ro,,[n 9 3 S 31 " ° f «he intermediate-frequency amplifier 61 and another 
yj^rTJTS baseband ampnfier 68 in response to toe first and the third bits XI and Yl. and X3 and 
r S ^ results 0P » ^ 0Q1L Such 3 "cg'c cirouit is described in United 
fSSrefioT ' 10 YaSUhanJ Y0Shida - * Q ^stant applicant and assigned to NEC 

conj^ltg.^ ^ ^ ^ TOta9e 66 in ~ ^scribed in 
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In Rg. 9, it is possible to reduce a characteristic degradation due to imperfectness of hardware of the 
demodulator. This is because the main and the subdata signals are reproduced by the digital calculation 
Furmerrnore an LSI circuit may be used as the digital calculating circuit In this event the multilevei 
demodulator becomes compact 

» JUJ"! "? mw *f°" has ^ °een described in conjunction with several preferred embodiments 
thereof, rt will readily be possible for those skilled in the art to put this invention into practice in various 
other manners. For example, the first and the second main data signals may be represented by different 
numbers of bits. In this event the sum of the different numbers may not necessarily be an even number but 
an odd number Furthermore, the number of bits of the first or the second main data signal may be equal to 
or 9^ than three. Accordingly, the number of the output signal points of the composite modulated signal 
ma/ K? u ^.'u f°- h WS 8V9nt " is readi| y understood that the analog-to-digtel converters and the logic 

C '"Z ^L fa l? ' nCreaSed number of bits ' * at me P nase difference a and the positive integer 

m should be modified for optimum operation. 
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1. A multilevel modulator for modulating a first and a second main data signal and a subdata signal into 
acomposite modulated signal, each of said first and said second main data signals being represented by 
first through n-th bits where n is a positive integer which is not less than two. said subdata signal being 
represented by one of a first and a second binary value at a time, wherein the improvement comprises: 

modulating means responsive to said first and said second main data signals and said subdata signal for 
modrtftng ^d first and said second main data signals and said subdata signal into said composite 
modulated signal comprising a quadrature amplitude modulated component and a phase modulated 
component said quadrature amplitude modulated component being modulated by said first- and said 

™ d /™ , " 1 J a,a ^ otfPtf asnal points on a phase plane, said phase modulated 

component being modulated by said subdata signal. 

2. A multilevel modulator as claimed in Claim I. wherein said modulating means comprises- 

phase modulating means responsive to a pair of quadrature-phase carrier signals and said subdata 
signal for phase modulating said pair of quadrature-phase carrier signals by said subdata signal into said 
phase modulated component; and a 

quadrature amplitude modulating means responsive to said first and said second main data signals and 
said phase modulated component for amplitude modulating said phase modulated component by said first 
and said second main data signals into said composite modulated signal. 

3. A multilevel modulator as claimed in Claim 2. wherein said phase modulated component has a first 
phase drfferenceof plus « radian relative to said pair of quadrature-phase carrier signals where « is not 
greater than ^ when said subdata signal has said first binary value, said phase modulated component 
having a second phase difference of minus « radian relative to said pair of quadrature-phase carrier signals 
when said subdata signal has said second binary value. 

4. A multilevel modulator as claimed in Claim I. wherein said modulating means comprises: 

converting means responsive to said first and said second main data signals and said subdata signals for 

converting said first and said second main data signals by said subdata signal into a first and a second 
converted signal; and 

quadrature amplitude modulating means responsive to a pair of quadrature-phase carrier signals and 
said first and sad second converted signals for amplitude modulating said pair of quadrature-phase carrier 
signals by said first and said second converted signals into said composite modulated signal 
m J.t H m l b S 81 m H 0du,ator w for modulating a main data signal and a subdata signal into a composite 
modulated signal said main data signal being represented by first through N-th bits where N is an odd 
number, ad subdata signal being represented by one of a first and a second binary value at a time 
wherein the improvement comprises: 

modulating means responsive to said main data signal and said subdata signal for modulating said main 

tTJT SUMata Si9nal int ° Said COmposite modulated signal comprising a quadrature 

amplitude modulated component and a phase modulated component said quadrature amplitude modulated 
component being modulated by said main data signal and having 2" output signal points on a phase plane 
said phase modulated component being modulated by said subdata signal. ' 

SjA multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature .amplitude modulated component modulated by a first and a second main date signaJanTa 
phase modulated component modulated by a subdata signal, each of said first and said second main data 
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signals being represented by first through n-th bits and having a first bit rate f, where n represents a 
positive integer which is not less than two. said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate f, which is not greater than said first bit rats 
divided by a predetermined natural number m, said phase modulated component having a first phase 

s difference of plus a radian when said subdata signal is represented by said first binary value, where a is not 
greater than W2* said phase modulated component having a second phase difference of minus a radian 
when said subdata signal is represented by said second * binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detection signal, wherein the improvement comprises: 

ro reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6, wherein said reproducing means comprises: 
subdata reproducing means responsive to said first and said second phase detection signals for 
rs reproducing said reproduced subdata signal; and 

main data reproducing means responsive to said first and said second phase detection signal for 
reproducing said first and said second reproduced main data signals In accordance with said reproduced 
subdata signal. 

a A multilevel demodulator as claimed in Claim 7, wherein said subdata reproducing means comprises: 
20 analog-to-digital converting means responsive to said first and said second phase detection signals for 
converting said first and said second phase detection signals to a first and a second digital signal; and 

subdata producing means responsive to said first and said second digital signals for producing said 
reproduced subdata signal 

9. A multilevel demodulator as daimed in Claim 8, wherein said subdata producing means comprises: 
2S logic circuit means responsive to said first and said second digital signals for carrying out a logical 
operation on said first and said second digital signals to produce a first and a second logical output signal; 
and ^ -» ■ 

majority circuit means responsive to said first and sad second logical output signals for carrying out a 
majonty decision on 2m-bits which are equal to a sum of m-bits of said first logical output signal and m-bits 
30 of said second logical output signal to produce a result signal as said reproduced subdata signal. 

K). A multilevel demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
reproducing means comprises: 

processing means coupled to said detecting means for processing said first phase detection signal to a 
first and a second processed digital signal and said second phase detection signal to a third and a fourth 
as processed digital signal: and 

selecting means coupled to said processing means for selecting one of said first and said second 
processed digital signals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal. 

n. A multilevel demodulator as claimed in Claim 10. wherein said processing means comprises: 
phase shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase detection signal to produce a first and a second phase shifted signal and a phase 
of said second phase detection signal to produce a third and a fourth phase shifted signal, said first and 
said second phase shifted signals having a leading and a lagging phase of a radian relative to said first 
phase detection signal, said third and said fourth phase shifted signals ^having a leading and a lagging 
phase of a radian relative to said second phase detection signal; " a " 

analog-to-digital converting means responsive to said first through said fourth phase shifted signals for 
converting said first through said fourth phase shifted signals to said first through said fourth processed 
digital signals. 

12. A multilevel demodulator as claimed in Claim 6, wherein said reproducing means comprises- 
converting means coupled to said detecting means for converting said first and said second phase 
detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 

main data reproducing means responsive to said first and said second converted digital signals for 
55 reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 
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13. A multilevel demodulator as claimed in 
comprises: 

logic circuit means responsive to said first and said second converted digital signals for carrying out a 
logical operation on said first and said second converted digital signals to produce a first and a second 
factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and sard second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13, wherein said digital processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication 'signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

15. A multilevel demodulator as claimed In Claim 13, wherein said digital processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muft.ply.ng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- 

a digitahto-analog converter coupled to said subtracter for converting said subtraction result signal to an 
analog signal; 

a low-pass filter coupled to said digital-to-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said filtered signal to a digital 
signal as said reproduced subdata signal. ' 

16. A multilevel demodulator as claimed In Claim 12. wherein said main data reproducing means 
comprises: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said first and said second reproduced main data signals 

17. A multilevel demodulator as claimed in Claim 16. wherein said digital processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muftiplying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding said first converted digital signal to said second multiplication signal to produce said first reproduced 
main data signal; and K 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding said second converted digital signal to said first multiplication signal to produce said second 
reproduced main data signal. 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplitude modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and having a first bit rate f, where N represents an odd number, said subdata signal being represented 
by one °f a first and a second binary value at a time and having a second bit rate f, which is not greater 
than said first bit rate divided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than said phase modulated component having a second phase difference 
of minus a radian when said subdata signal is represented by said second binary value, said demodulator 
comprising detecting means- for phase detecting said composite modulated signal to produce a first and a 
s second phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to . said first and said second phase detection 
signals. 
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